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ABSTRACT 


A  Kratky  small-angle  x-ray  camera  was  modified  so  as  to 
allow  the  use  of  a  one -dimensional  position  sensitive  detector 
with  it.  The  modification  was  designed  in  such  a  way  that  most 
of  the  calibrations,  necessary  for  subsequent  correction  of  the 
collected  intensity  data,  can  be  performed  with  little  alteration 
in  the  collimation  geometry  or  the  electronics  settings.  In 
particular,  the  calibration  of  the  uniformity  of  detector  effi¬ 
ciency  can  be  performed  by  repeated  vertical  travel  of  the  detector 
at  a  constant  speed  across  a  beam  scattered  from  a  sample.  A  much 
higher  speed  of  data  collection,  with  no  increase  in  the  background 
noise  nor  any  loss  in  the  angular  resolution,  has  been  achieved  in 
comparison  to  a  regular  Kratky  camera  operating  in  step-scanning 
mode.  The  practical  utility  of  combining  the  PSD  with  a  Kratky 
camera  for  studies  of  isotropic  samples  has  been  demonstrated. 
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I.  INTRODUCTION 

In  the  past  decade  position  sensitive  detectors  (PSD)  for 
x-ray  measurements  have  been  developed  in  several  laboratories. 

Some  of  the  one-dimensional  detectors  are  now  available  commer¬ 
cially  from  several  sources.  The  time  required  for  collecting 
x-ray  data  with  the  use  of  these  detectors  is  reduced  typically 
by  an  order  of  magnitude  in  comparison  to  the  time  taken  when  a 
conventional  proportional  counter  is  used  in  step-scanning. 

Earlier,  Schelten  and  Hendricks  (1978)  investigated  the  com¬ 
bination  of  a  one-dimensional  PSD  with  a  rotating  anode  x-ray 
generator  and  a  pin-hole  collimation,  and  showed  that  the  accuracy 
of  the  data  and  the  speed  of  data  collection  obtainable  with  such 
a  combination  compare  very  favorably  to  those  attainable  with  a 
traditional  arrangement  of  a  Kratky  camera  fitted  with  a  propor¬ 
tional  counter,  but  with  the  additional  advantage  of  not  requir¬ 
ing  a  correction  for  slit-smearing.  For  investigation  of  isotropic 
samples,  another  way  of  utilizing  the  advantage  of  a  one-dimensional 
PSD  is  to  retain  the  Kratky  collimation  and  instead  replace  the 
proportional  counter,  traditionally  used  in  step-scanning  mode, 
with  a  one-dimensional  PSD.  In  a  recent  article  Russell  et  al. 

(1979)  discussed  their  effort  to  combine  a  1DPSD  with  a  Kratky 
camera  and  gave  a  detailed  account  of  their  design  considerations 
and  the  results  of  its  performance  test.  In  our  laboratory,  we 
also  made  modifications  to  a  Kratky  camera  for  the  purpose  of 
adapting  it  to  use  with  a  1DPSD,  and  it  has  been  in  use  satisfac¬ 
torily  in  the  past  few  years.  In  this  article  we  give  a  brief 
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description  of  the  modifications,  in  order  to  share  our  experience 
with  others  who  might  plan  similar  adaptation  of  a  Kratky  camera. 
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II.  MODIFICATION  OF  KRATKY  CAMERA 

A.  Detector 

We  used  a  one-dimensional  PSD  purchased  from  Tennelec  Inc. , 
Oak  Ridge,  TN.  This  is  a  gas -flow  proportional  counter  having  a 
carbon-coated  quartz  wire  as  the  anode.  The  position  of  the 
ionization  event  induced  by  the  incoming  photon,  detected  on 
the  wire,  is  determined  by  the  method  of  RC  line  encoding 
(Borkowski  and  Kopp,  1970,  1972,  1975),  i.e.,  by  comparison  of 
the  rise  times  of  the  two  pulses  emanating  from  each  end  of  the 
anode  wire.  The  dimension  of  the  active  detector  window  is 
4  mm  x  80  mm.  The  positional  resolution  capability  is  rated  at 
200  ym  for  8  KeV  x-rays.  Although  our  experience  is  confined  to 
the  use  of  this  particular  detector,  most  of  the  considerations 
given  below  should  apply  also  to  the  use  of  a  1DPSD  of  other  make 
or  design. 

B.  sample-to-Detector  Distance 

The  angular  resolution  of  the  instrument  increases  in 
proportion  to  the  sample-to-detector  distance  L,  while  the 
intensity  at  the  detector  falls  as  1/L  in  the  case  of  slit  col- 
limation.  The  optimum  value  of  L  is  set  by  the  compromise  of 
these  two  conflicting  requirements.  We  chose  50  cm  for  L  in  our 
design  from  the  following  considerations.  The  detector-pre¬ 
amplifier  assembly  is  about  20  cm  high  and  cannot  be  mounted  on 
the  track  (T  in  Fig.  1)  on  which  other  components  of  the  Kratky 
camera  are  mounted.  When  the  detector  is  mounted  immediately 
beyond  the  end  of  the  track,  L  turns  out  to  be  about  50  cm. 

When  an  entrance  slit  of  width  W^  is  used,  the  primary  beam 
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spreads  to  a  width.  W  at  the  detector  registration  plane,  with 

r 

Wp  given  by 

„  .  If.  +  °  -.6  w 

p  5  1 

where  D  is  the  distance  from  the  entrance  slit  to  the  sample  and 
both  L  and  D  are  in  cm.  With  the  camera  we  use  D  is  equal  to 
17.5  cm.  Therefore  with  L  *  50  cm,  W^/W^  is  equal  to  about  10. 

When  a  60  uni  entrance  slit  is  used,  W^  is  about  600  pm,  which  is 
far  larger  than  the  positional  resolution  limit  of  the  detector. 
Increasing  L  beyond  50  cm  will  simply  increase  the  width  of  the 
primary  beam  at  the  detector  and  gain  very  little  in  angular  resolu¬ 
tion.  In  addition  to  decreasing  the  intensity  at  the  detector,  an 
increase  in  L  brings  about  another  undesirable  effect.  The  distri¬ 
bution  of  intensity  in  the  primary  beam  at  the  detector  plane,  in 
the  horizontal  direction  perpendicular  to  the  beam  axis,  is  the 
slit  length  weighting  function  determining  the  effect  of  slit  length 
smearing.  In  a  well-aligned  Kratky  camera,  the  measured  slit  length 
weighting  function  is  usually  a  trapezoid  with  the  top  edge  suf¬ 
ficiently  wide  to  allow  infinite  slit  approximation.  For  a  given 
collimation  geometry  and  a  finite  length  of  the  focal  spot,  in¬ 
creasing  L  causes  the  width  of  the  trapezoid  top  edge  to  become 
smaller,  eventually  making  the  infinite  slit  approximation  invalid. 

In  short,  in  our  design  the  value  of  L  was  chosen  to  be  50  cm  be¬ 
cause  it  was  the  shortest  distance,  which  was  mechanically  convenient 
to  achieve,  without  compromising  other  collimation  requirements. 

In  fact,  for  most  of  our  studies  an  entrance  slit  of  100  pm  or  wider 
is  used,  and  in  these  cases  the  angular  resolution  of  the  data  is 


limited  by  the  collimation  geometry  itself  and  not  by  the  resold 
tion  capability  of  the  detector. 


C.  Modification  Design 

Prom  the  original  Kratky  camera  the  tapered  rear  vacuum 
chamber,  with  the  adjustable  receiving  slit  and  the  detector 
mounting  device,  was  removed  and  in  its  place  was  fitted  a  new 
vacuum  chamber  with  a  detector  mount  attached  at  its  rear.  The 
vacuum  chamber  was  fabricated  from  a  steel  tubing  of  a  rectangu¬ 
lar  cross-section  3  inches  by  6  inches  and  cut  to  a  length  of 
ca.  30  cm.  A  steel  plate,  with  appropriate  openings  and  screw 
holes  machined  in,  was  welded  to  each  end  of  the  tubing,  and 
then  the  whole  vacuum  chamber  was  heavily  nickel-plated  to  pre¬ 
vent  Fe  fluorescence.  At  the  center  of  the  rear  end  plate  a 
vertical  slot  of  9  mm  width  and  7  cm  height  was  cut  out  as  the 
beam  exit.  A  beam  stop  (made  of  Ta  sheet  rather  than  W  because 
of  the  ease  of  machining  the  former)  was  attached  at  the  lower 
end  of  the  slot  from  the  inside  of  the  vacuum  chamber.  The  slot 
was  then  sealed  with  a  thin  Mylar  film  to  hold  vacuum. 

As  shown  in  Fig.  1,  the  front  part  of  the  vacuum  chamber  is 
supported  by  the  pivot  U,  while  its  rear  is  supported  by  its  being 
resting  on  top  of  the  movable  steel  column  at  the  center  of  the 
"angular  device"  W.  This  angular  device  is  the  one  provided  in 
the  original  Kratky  camera  for  effecting  vertical  motion  of  the 
receiving  slit,  and  the  worm  gear  attached  to  the  knurled  knob 
actuates  the  central  cylindrical  column  to  move  precisely  up  and 
down.  The  beam  stop  attached  to  the  rear  end  plate  of  the  vacuum 
chamber  is  brought  to  the  correct  position  by  raising  or  lowering 
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the  rear  end  of  the  vacuum  chamber  as  a  whole  by  means  of  the 
angular  device  W. 

The  detector  mount  itself  consists  of  two  parts.  The  connec¬ 
tor  plate  X  is  attached  with  screws  to  the  rear  end  plate  of  the 
vacuum  chamber,  and  has  a  vertical  slot  in  its  center  (not  visible 
in  Fig.  1)  for  inserting  a  beam  attenuator  or  an  auxiliary  slit 
for  calibration  purposes.  A  precision  linear  slide  Y  is  clamped 
in  the  connector  plate  in  such  a  way  that  its  vertical  position 
can  be  readily  altered.  The  precision  slide  Y  consists  of  a  verti¬ 
cal  frame  with  a  mm  scale  marking  and  a  slide  plate  movable  within 
the  frame,  the  slide  plate  capable  of  being  translated  up  and  down 
by  means  of  a  long  central  screw.  The  range  of  travel  is  20  cm. 

The  detector  itself  is  attached  to  the  movable  slide  plate.  By 
means  of  a  synchronous  motor  connected  to  the  screw,  the  detector 
can  be  moved  up  ar.d  down  at  a  constant  speed  ( 3  cm/min . )  .  With 
the  help  of  limit  switches  placed  at  the  top  and  bottom  ends  of 
the  travel,  the  up  and  down  motion  of  the  detector  can  be  repeated 
unattended.  This  motorized  device  is  for  the  purpose  of  cali¬ 
brating  the  detector  efficiency  curve  as  explained  below.  By 
means  of  a  manual  switch  the  detector  position  can  also  be  altered 
readily,  and  its  position  read  off  the  mm  scale  marking. 


■»«««■  «■- 
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III.  DETECTOR  CALIBRATION 

Calibration  of  the  detector  is  necessary  with  respect  to 
three  aspects:  spacial  linearity,  energy  resolution  and  detection 
efficiency.  Although  the  spacial  resolution  of  the  detector  is  of 
interest  when  the  performance  of  the  detector  is  to  be  compared 
and  tested,  it  is  not  required  for  the  purpose  of  correcting  the 
collected  scattered  intensity  data.  For  the  latter  purpose  what 
is  required  is  the  determination  of  the  primary  beam  profile  at 
the  detector  registration  plane  which  reveals  the  combined  effect 
of  the  collimation  error  and  the  detector  resolution  error. 
Determination  of  the  primary  beam  width  profile  is  discussed 
briefly  in  Section  IV. 

A.  Spacial  Linearity 

A  strongly  scattering  sample  was  placed  in  the  sample  holder, 
and  an  auxiliary  slit  was  placed  in  the  slot  in  front  of  the 
detector  so  that  the  angular  range  of  the  scattered  intensity 
entering  the  detector  was  very  narrowly  limited.  The  channel 
number  of  the  peak  position  in  the  multichannel  analyzer  (MCA) 
displaying  the  intensity  profile  was  noted,  together  with  the 
position  of  the  detector  as  read  from  the  mm  scale  marking  on 
the  slide.  Such  measurements  were  repeated  after  altering  the 
position  of  the  detector  by  means  of  a  manual  switch  actuating  the 
slide  motor.  The  plot  of  the  channel  number  of  the  peak  in  the  MCA 
against  the  position  of  the  detector  deviated  very  little  from  a 
straight  line.  It  was  concluded  that  a  correction  for  spacial 
linearity  would  not  be  necessary  for  subsequent  measurements. 

From  the  slope  of  the  linear  plot  it  was  determined  that  1  cm 
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on  the  detector  corresponded  to  36.5  channels  on  the  MCA  under 
the  conditions  employed. 

B.  Energy  Resolution 

The  detector  energy  resolution  can  be  determined  readily  by 
taking  the  sum  of  the  pulses  coming  from  the  two  ends  of  the  detector 
and  feeding  it  into  the  MCA  input,  and  thereby  directly  displaying 
the  energy  spectrum.  We  determined  the  energy  resolution  for  a 
short  section  of  the  anode  wire  at  a  time.  With  Ni-filtered  CuKa 
radiation  falling  on  a  strongly  scattering  sample,  the  scattered 
beam  was  received  on  a  5  mm  section  of  the  detector  defined  by  means 
of  an  auxiliary  slit  inserted  in  its  front.  The  value  of  the  energy 
resolution  (the  ratio  of  the  FWHM  to  the  peak  position)  thus  deter¬ 
mined  in  the  mid-section  of  the  detector  was  25-26%,  a  value  slightly 
larger  than  expected  of  a  conventional  proportional  counter.  Toward 
the  ends  of  the  detector  the  resolution  deteriorated  to  around  29%. 
More  important  to  note,  however,  was  the  fact  that  the  channel 
number  in  the  MCA  (i.e.,  the  voltage)  of  the  peak  in  the  energy 
spectrum  varied  significantly  when  different  sections  of  the  detec¬ 
tor  wire  were  examined.  Through  the  length  of  the  detector,  the 
total  variation  was  as  much  as  9%.  The  overall  energy  resolution 
is  therefore  much  poorer  than  26%,  and  the  voltage  window  in  the 
single  channel  analyzer  in  the  energy  discrimination  circuit  had 
to  be  opened  wider  than  would  normally  be  employed  with  a  propor¬ 
tional  counter. 

C.  Detection  Efficiency 


Ideally  the  efficiency  of  detecting  incoming  photons  should 
be  uniform  along  the  total  length  of  the  detector.  In  practice 
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the  detection  efficiency  is  not  uniform  for  a  variety  of  reasons, 
for  example,  due  to  non-uniformity  of  the  resistance  of  the  anode 
wire,  slight  variations  in  the  position  of  the  wire  in  the  detector 
chamber,  etc.  The  observed  raw  data,  the  number  of  counts  vs. 
channel  number,  have  to  be  divided  by  the  relative  efficiency  of 
each  channel  to  obtain  a  true  variation  of  the  scattered  intensity 
with  angle.  The  detection  efficiency  correction  is  probably  the 
most  crucial  step  in  the  use  of  a  PSD  to  obtain  reliable  data  of 
high  precision.  Calibration  of  the  detection  efficiency  curve 
has  to  be  performed  fairly  often  because  of  the  following 
reasons.  1)  The  efficiency  curve  is  very  sensitive  to  the 
various  settings  in  the  detector  electronic  circuitry  such  as 
the  bias  voltage,  the  amplifier  gain,  the  energy  discriminator 
window,  etc.  As  the  electronic  components  age  their  values  drift 
slowly  and  may  then  alter  the  efficiency  curve.  2)  The  carbon 
coating  on  the  quartz  anode  wire  erodes  with  usage.  Accidental 
exposure  of  a  section  of  the  wire  to  a  primary  x-ray  beam  can 
damage  that  part  immediately.  A  prolonged  exposure  to  strong 
scattered  beam  can,  however,  also  eventually  lead  to  permanent 
erosion  of  that  section  of  the  wire.  Faruqi  (1975)  observed 
that  detection  of  ca.  2  x  10^  photons  over  a  100  ym  section  of 
the  wire  resulted  in  a  significant  loss  of  spacial  resolution. 

Our  experience  has  been  that  the  section  of  the  wire  exposed 
consistently  to  a  higher  intensity  part  of  the  scattered  beam 
eventually  developed  a  dip  in  the  efficiency  curve.  Once  a  dip 
becomes  noticeable,  a  further  deterioration  is  fairly  rapid, 
leading  to  an  almost  total  loss  of  detection  capability  at  that 
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section  and  also  to  a  distortion  of  the  efficiency  curve  in  the 
neighboring  sections  as  well.  It  is  probable  that  the  factor 
determining  the  erosion  is  not  the  accumulated  number  of  photons 
detected/  but  rather  the  accumulated  number  of  ions  collected. 
Whenever  the  nature  of  the  sample  and  the  problem  of  study  was 
such  that  a  high  spatial  resolution  was  not  essential,  we  there¬ 
fore  operated  the  detector  at  a  lower  gas  gain,  compensating  it 
with  a  higher  electronic  amplification.  The  lower  gas  gain 
gives  rise  to  a  smaller  number  of  ions  collected  for  each  pho¬ 
ton  detected,  while  as  a  trade-off  suffering  some  loss  in  the 
spatial  resolution  because  of  the  enhanced  noise  'arising  from 
the  higher  electronic  amplification.  When  a  section  eventually 
eroded,  we  simply  shifted  the  detector  position  to  avoid  the  use 
of  that  section;  the  useful  life  of  the  detector  was  prolonged 
in  this  way  since  the  usable  length  of  the  detector  was  originally 
much  longer  than  required  for  our  purpose  (5  cm  for  measurements 
up  to  20  «  0.1  radian). 

The  detection  efficiency  calibration  was  performed  as 
follows.  A  strongly  scattering  sample  was  placed  in  the  sample 
holder  in  the  camera.  An  auxiliary  slit  was  inserted  in  front 
of  the  detector  to  allow  only  the  high  intensity  (low  angle)  part 
of  the  scattered  intensity  to  illuminate  a  1  cm  section  of  the 
detector.  The  detector  was  then  let  to  travel  up  and  down  at  a 
constant  speed,  so  that  every  section  of  the  detector  wire  was 
exposed  equally  to  the  x-ray  beam.  The  limit  switches  were  set 
in  such  a  way  that  the  reversal  of  travel  direction  occured  only 
when  the  usable  section  of  the  wire  had  passed  way  beyond  the 


opening  in  the  auxiliary  slit.  This  up-and-down  travel  of  the 
detector,  operating  automatically,  was  continued  several  hours, 
with  the  x-ray  generator  at  its  full  power,  until  a  sufficient 
number  of  counts  at  each  MCA  channel  were  accumulated  to  make  the 
statistical  scatter  tolerably  small. 

Fig.  2  shows  two  observed  efficiency  curves  obtained  in  this 
manner.  They  were  rescaled  to  an  average  of  unity  for  the  pur¬ 
pose  of  comparison.  The  two  curves  were  obtained  at  about  a 
month's  interval,  under  identical  conditions  except  that  the 
detector  bias  voltage  was  altered  from  -2330  to  -2350  volts.  The 
rather  pronounced  difference  between  the  two  curves  arises  from 
the  following  effect.  As  the  bias  voltage  was  made  more  nega¬ 
tive,  the  gas  amplification  factor  increased,  and  as  a  result  the 
voltage  of  the  pulses  fed  into  the  single  channel  analyzer  in 
the  energy  discriminator  channel  was  all  enhanced  by  the  same 
factor.  Since  the  energy  discriminator  window  was  left  fixed, 
the  fraction  of  pulses  admitted  through  the  gate  was  now  altered. 
The  change  in  the  detection  efficiency,  caused  by  this  relative 
change  of  the  energy  discriminator  window  against  the  average 
pulse  voltage,  affects  different  sections  of  the  detector  differ¬ 
ently.  Those  sections  of  the  detector,  which  previously  generated 
undersized  pulses  on  the  average,  now  experiences  an  apparent 
increase  in  the  detection  efficiency,  while  other  sections  of  the 
detector  shows  deterioration  of  the  efficiency  because  the  mis¬ 
match  of  the  energy  window  becomes  now  more  pronounced. 
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IV.  BEAM  WIDTH  PROFILE  AND  ZERO  OF  ANGLE 

The  primary  beam  width. profile  (i.e.,  the  intensity  distri¬ 
bution  in  the  vertical  direction)  is  required  to  determine  the 
zero  of  the  scattering  angle  26  (defined  as  the  center  of  the 
mass  of  the  intensity  distribution)  and  also  for  the  purpose  of 
correcting  the  observed  intensity  data  for  the  width  smearing 
effect.  For  this  purpose  the  beam  stop  affixed  to  the  rear-end 
of  the  vacuum  chamber  is  lowered  below  the  primary  beam  by 
turning  the  knob  on  the  angular  device  W  (see  Fig.  1) .  With 
the  primary  beam  attenuated  with  an  appropriate  thickness  of  Ni 
foil,  the  beam  width  profile  is  then  measured  directly  with  the 
PSD.  As  the  beam  stop  is  subsequently  raised  into  position  by 
raising  the  rear  end  of  the  vacuum  chamber  as  a  whole,  the 
detector  also  is  lifted  and  the  MCA  channel  number  corresponding 
to  the  zero  angle  changes.  The  relation  between  the  motion  of 
the  central  screw  in  the  angular  device  W  (indicated  on  the 
scale  engraved  thereon)  and  the  shift  in  the  channel  number  was 
previously  established,  and  therefore  the  channel  number  for  the 
beam  zero  can  be  calculated  from  the  reading  of  the  scale  on  the 
angular  device  W.  Fig.  3  shows  the  beam  width  profile  obtained 
with  a  44  urn  entrance  slit  and  another  with  a  120  pm  entrance 
slit.  Also  shown  in  Fig.  3,  for  comparison,  is  the  beam  width 
profile  obtained  with  a  conventional  proportional  counter  in  step¬ 
scanning  mode  on  a  standard  Kratky  camera,  in  which  the  entrance  and 
receiving  slit  widths  were  60  and  150  pm  respectively  and  the 
sanq?le-to-detector  distance  was  210  mm.  It  shows  that  the  beam 
width  obtained  with  a  100  pm  entrance  slit  and  a  1DPSD  would  be 
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comparable  to  that  obtainable  with  a  60  ym  entrance  slit  in  a 
conventional  Kratky  camera. 

For  the  sake  of  completeness,  we  show  in  Fig.  4  the  observed 
primary  beam  length  profile  (the  horizontal  intensity  distribu¬ 
tion)  .  For  this  measurement  the  vacuum  chamber  had  to  be  removed, 
and  the  detector  was  mounted  at  about  the  same  position  (right 
behind  the  camera  track)  by  means  of  a  seperately  constructed 
device.  This  device  had  a  detector  mount  which  moves  on  a  slide 
plate  to  let  the  detector  displaced  in  the  horizontal  direction 
(perpendicular  to  the  beam  axis)  and  the  detector  position  could 
be  read  off  a  scale  marking  on  the  slide  frame.  In  principle 
the  beam  length  profile  is  determined  mostly  by  the  front  col- 
limation  geometry  and  very  little  change  is  to  be  effected  when 
a  conventional  proportional  counter  is  replaced  by  a  1DPSD.  It 
nevertheless  is  preferable  to  determine  the  length  profile  with 
the  same  detector  and  with  the  camera  geometry  as  nearly  the  same 
as  possible  as  are  employed  in  the  subsequent  measurement  of  the 
intensity  scattered  by  the  samples.  The  beam  length  profile  can 
also  be  calculated  from  the  collimation  geometry  and  good  agree¬ 
ments  of  the  calculated  with  the  measured  profiles  are  often 
claimed,  but  the  measured  profile,  if  available,  is  still  pre¬ 
ferable  to  a  calculated  one. 


V. 


DISCUSSION 


As  a  simple  illustration  of  the  performance  of  the  camera, 
we  present  in  Fig.  5  the  intensity  data  obtained  with  a  Lupolen 
polyethylene  sample.  This  is  a  sample  calibrated  and  kindly 
supplied  by  Prof.  0.  Kratky  as  a  secondary  standard  for 
measurement  of  primary  beam  intensity  (see  Kratky,  Pilz  and 
Schmitz,  1966) .  The  equipment  and  operating  conditions  employed 
for  the  data  in  Fig.  5  are:  Philips  generator  XRG  3100  at  45  KV 
40  mA,  a  Philips  broad  focus  Cu  tube  (nominal  focul  spot  size 
2  mm  x  12  mm) ,  a  Ni-filter  and  a  120  ym  entrance  slit.  Argon 
gas  with  10%  methane  was  used  in  the  PSD  at  a  pressure  of  75  psi. 
Also  shown  in  Fig.  5  is  the  result  of  the  blank  run  made  without 
a  sample.  The  "background"  intensity  level  thus  obtained  is  very 
low,  indicating  the  absence  of  fluorescence  or  any  adverse  re¬ 
flection  of  the  primary  beam.  The  Kratky  camera  used  for  this 
measurement  is  the  one  modified  by  Hendricks  (1970)  to  eliminate 
the  Mylar  windows  in  the  front  and  rear  of  the  sample  holder  by 
interconnecting  the  vacuum  chambers  with  metal  bellows.  Because 
of  this,  the  background  count  level  realized  here  might  be 
slightly  lower  than  can  be  obtained  with  an  ordinary  Kratky 
camera. 

The  data  shown  in  Fig.  5,  both  the  scattering  from  the 
Lupolen  sample  and  the  blank  run,  were  collected  for  10  min.  At 
the  scattering  angle  10.2  milliradian  (corresponding  to  150  A), 
a  count  rate  of  70  counts  per  second  results  in  the  accumulated 
counts  of  40,000  in  10  min.,  giving  a  statistical  error  of  0.5%. 
For  some  types  of  studies,  for  example,  kinetics  of  phase 
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transitions,  a  statistical  error  of  this  magnitude  could  be 
entirely  tolerable.  The  measurement  time  could  be  reduced  further 
by  an  order  of  magnitude  by  introduction  of  several  modifications. 
By  using  Xe  instead  of  Ar  as  the  fill  gas  of  the  PSD,  the  detec¬ 
tion  efficiency  can  be  increased  by  a  factor  of  2.  If  the  nature 
of  the  structural  features  in  the  sample  is  such  that  a  further 
loss  in  spatial  resolution  can  be  tolerated,  the  entrance  slit 
width  may  be  increased  to  150  -  200  urn,  with  attending  gain  in 
the  count  rate  by  a  factor  of  2  to  3  (which  depends  on  the  size 
of  the  focal  spot  on  the  x-ray  tube) .  By  use  of  a  rotating 
anode  rather  than  a  sealed  x-ray  tube,  the  intensity  can  be  in¬ 
creased  by  a  factor  of  3  -  10  (which  of  course  depends  on  the 
power  fating  of  the  generator) . 

When  such  modifications  are  introduced,  it  should  become 
feasible  to  collect  a  fairly  decent  intensity  data,  even  better 
than  shown  in  Pig.  5,  in  a  period  of  about  a  minute.  We  have 
made  some  study  of  the  kinetics  of  thermally  induced  phase 
change  of  block  copolymers  with  our  present  system,  and  find 
that  our  capability  of  following  the  process  is  limited  rather 
by  the  speed  at  which  we  can  alter  the  temperature  of  the  sample 
from  one  to  another  isothermal  condition,  and  also  by  the  speed 
at  which  the  data  in  the  MCA  are  transfered  to  a  computer. 

The  higher  count  rates,  which  might  be  achieved  by  the  modi¬ 
fications  suggested  above,  are  likely  to  strain  the  capacity  of 
the  PSD  in  two  respects.  First,  the  erosion  of  the  carbon- 
coated  quartz  wire  will  be  so  much  faster,  necessitating  more 
frequent  calibration  of  the  detection  efficiency  curve  and 
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earlier  replacement  of  the  anode  wire.  Secondly,  the  count- 
rate  capability  of  the  lDPSD's  commercially  available  at  present 
(including  the  one  we  use)  is  rated  at  2  -  10  x  104  counts  per 
second.  This  count-rate  limitation  arises  mainly  because  the 
space-charge  of  ions  builds  up  faster  than  can  be  drained  off 
by  neutralization  at  the  electrodes.  The  effect  would  therefore 
be  more  severe  at  the  particular  section  of  the  detector  receiv¬ 
ing  higher  intensity  than  the  rest.  The  design  principles  to 
overcome  these  limitations  are  known,  and  a  1DPSD  incorporating 
these  principles  may  become  available  even  commercially  in  due 
time. 


* 
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VI.  CONCLUSION 

For  studies  of  isotropic  samples,  coupling  a  one-dimen¬ 
sional  PSD  with,  a  Kratky  collimating  system  is  an  eminently  use¬ 
ful  approach.  The  inherent  advantage  of  a  PSD,  i.e.,  the  speed 
of  data  collection,  is  fully  realized  by  this  combination.  The 
spatial  resolution  of  200  ym,  realizable  in  currently  available 
PSD's,  is  probably  adequate  for  most  studies  except  when  struc¬ 
tural  features  much  larger  than  1000  A°  are  investigated. 

An  important  advantage  of  using  a  PSD  is  that  it  does  not 
require  a  highly  stabilized  x-ray  power  supply,  thus  making  the 
use  of  a  rotating  anode  tuoe  practicab le.  Balancing  against 
this  advantage  is  the  fact  that  the  collected  intensity  data 
have  to  be  corrected  for  the  non-uniform  detection  efficiency 
along  the  length  of  the  detector.  Because  the  detection  ef¬ 
ficiency  curve  could  drift  with  time,  our  instrument  was  designed 
with  a  view  to  making  the  calibration  of  the  detection  efficiency 
convenient  and  accurate.  We  avoided  the  use  of  a  Fe^5  isotope 

as  a  radiation  source  for  calibration  purpose,  because  MnKa 

55 

radiation  emanating  from  Fe  necessitates  alteration  in  the 
settings  of  the  electronics,  and  it  would  seem  difficult  to 
assure  that  the  response  of  the  detector  under  this  altered  condi¬ 
tion  would  be  exactly  the  same  as  its  response  toward  CuKa  in  the 
normal  use.  In  fact  in  our  design  attention  was  paid  to  enable 

various  calibrations  to  be  performed  with  very  little  alteration 
in  the  electronics  and  collimation  geometry  from  what  will  be  used 
in  subsequent  measurements  with  samples  of  interest. 
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LEGEND  TO  FIGURES 


Fig.  1  Photograph,  of  the  modified  part  of  the  Kratky  camera. 
The  vacuum  chamber  V,  made  from  a  steel  tubing  of  3  inch  by  6  inch 
rectangular  cross  section  and  heavily  Ni-plated,  is  supported  by 
the  pivot  U  and  the  "angular  device"  W.  The  detector  connector 
plate  X  has  a  slot  to  accommodate  an  auxiliary  slit  for  calibra¬ 
tion  purposes ,  and  supports  the  linear  slide  Y.  The  detector  is 
mounted  on  the  movable  slide  plate,  which  can  be  made  to  travel 
up  and  down  by  means  of  the  motor  M. 

Fig.  2  Comparison  of  two  calibration  curves  of  the  detector 
efficiency  against  the  MCA  channel  number.  The  curves  were  obtained 
at  the  detector  bias  voltage  of  -2330  and  -2350  volts.  The  rather 
pronounced  change  in  the  detector  efficiency  curve  arises  from  the 
energy  discriminator  window  affecting  different  channels  slightly 
differently. 

Fig.  3  The  primary  beam  width  profiles,  measured  with  the 
one-dimensional  PSD,  are  shown  in  (a) ,  the  entrance  slit  used 
being  of  width  44  ym  and  120  ym  for  the  two  curves  shown.  Shown 
in  (b)  for  comparison  is  the  primary  beam  width  profile  obtained 
with  an  ordinary  proportional  counter  in  a  regular  Kratky  camera¬ 
having  a  60  ym  entrance  slit  and  150  ym  receiving  slit. 

Fig.  4  The  primary  beam  length  profile,  measured  with  the 
PSD  mounted  in  the  normal  position  but  with  the  vacuum  chamber 
removed . 

Fig.  5  The  intensity  (A)  scattered  from  a  Lupolen  sample  (a 
calibrated  polyethylene  sample  kindly  provided  by  Prof.  0.  Kratky) 
and  the  "background"  scattering  (X)  obtained  under  the  same  instru¬ 
mental  conditions.  The  counts  were  accumulated  for  10  min.  in  each 
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